In socially monogamous birds, the frequency with which pairs copulate prior to egg laying varies markedly across species (Birkhead et al. 1987) . In a review of hypotheses proposed to explain this variation, Birkhead & Møller (1992) concluded that copulation frequency within pairs is best explained by the sperm devaluation hypothesis: copulations are more frequent in species where the risk of extrapair copulations is high because sperm from frequent pair copulations devalues the sperm of competing males. This is consistent with the known mechanism of sperm competition in birds (Birkhead et al. 1995; Colegrave et al. 1995) . In many species, however, it is the female and not the male who initiates pair copulations (Birkhead & Møller 1992) , so more recent studies have asked how females might benefit from repeated copulations with the same male (Petrie 1992; Hunter et al. 1993) .
Several hypotheses have been proposed to explain why females copulate at high frequency with their partner. (1) In species where parental care by males is important, females may encourage repeated copulations to assure their partner of his paternity. Males may be more likely to feed young if they have copulated with a female and thus are confident of their paternity (e.g. Burke et al. 1989; Davies et al. 1992; Westneat & Sherman 1993; Houston 1995) . (2) Females may employ frequent copulation as a mate-guarding strategy, since males that copulate frequently with their partners may be less likely to mate with other females (Petrie 1992). For example, female starlings, Sturnus vulgaris, use copulation solicitations to interrupt their males' singing and thus prevent them from becoming polygynous (Eens & Pinxten 1995) . (3) Multiple copulations may increase the likelihood of eggs being fertilized (Birkhead et al. 1987 ). However, as one or a few ejaculates usually contain enough sperm to fertilize all the eggs in a clutch (Birkhead et al. 1987) , there is little evidence for this (Lake 1975; but see Adkins-Regan 1995) .
Frequent copulation is the primary paternity guard employed by many colonial breeding birds and birds of prey. In most other bird species, males guard their partner by close following during their fertile period (Birkhead et al. 1997) . In many species frequent copulation and mate guarding appear to be alternatives (Møller & Birkhead 1991) , but some species employ both paternity guards (e.g. Birkhead et al. 1988; Sheldon 1994) .
The benefits to males of guarding females have been demonstrated in studies where temporary removal of males has resulted in an increase in the number of extrapair copulations directed at their partner (e.g. Björklund & Westman 1983; Møller 1987; Birkhead et al. 1989) . However, observations on eider ducks, Somateria mollissima, ring doves, Streptopelia risoria, bar-headed geese, Anser indicus, and blue tits, Parus caeruleus, have shown that females may also benefit from mate guarding, as the close proximity of a pair male affords protection from the unwanted courtship of other males, and thus allows females to forage more efficiently (Ashcroft 1976; Lumpkin 1983; Lamprecht 1989; Kempenaers et al. 1995) . Furthermore, Lumpkin (1983) suggested that female ring doves may actively manipulate mate guarding by males to extend the period over which they gain these benefits (see also Enquist et al. 1998 ).
